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(57) Abstract 

This ai^ication idates to cell lines transfected widi (a) 
nucleic add encoding one or more bonnooe leceptofs, die recepton 
being capable of transmitting a signal, and (b) nucleic add 
encoding a desired polypeptide, the midetc add encoding the 
polypq>tide being under tbe control of a promoter conti^ting 
regukttvy elements responsive to die signal transmitted by die 
iecept(x(8) so diat transcription of die nucleic add encoding die 
desired polypeptide is modulated by die level of the hormone(s) 
in die padent Preferably, die rec^itors are die GIP or GLP- 
1 receptors controlling die production of insulin in the cells in 
response to changes in die metabc^ status of a patient The 
application also relates to co mp o siti ons comprising these cells and 
dieiruse fat medKxls of medical treatment 



SECRETION BY E>imi>lgERgP PW i 



snagg g nn g gig'gf igjgin 




•» eenM of • ptomotar 

(CAE) 



FOR THE FUXFOSES OP mPmMATlW iWLY 



Cdcks u«d to kfcotify SWe. i«ty to ihe ICT on te 
^Ucadon under tibe PCT. 

GB Uak 



AT 

AD 



B6 
BJ 

lY 

CA 
CF 
CC 
CH 

a 

CM 

CN 
CS 

cz 



ES 

n 
rm 

GA 



AHtria 



Bnzfl 



CUnl Afiion RcpobHc 
OmtP 



CMCkRcfMUic 



GN 

a 

HD 

IB 

IT 

JF 

KB 

KG 



KB 

KZ 

U 

LK 

L& 

LT 

UJ 

LV 

MC 

MD 

IfG 

ML 

MR 



Kcoym 
KysgyittD 

Dcancndc Pcopk't Rcfvblic 
of Cobs 

RepabUcorKoni 



Sri 



RcpaUic of Moldova 



MW 
MX 


- - * * 
Mexico 


NB 




NL 




NO 




NZ 


NewZedMd 


PL 




PT 




BO 




W 


RoMiMi FedenciDo 


SD 




SB 

SG 


Swedes 


9 


Sloweoia 


SK 


Sbwafcia 


SN 


Scaegil 


sz 


SwuOiiid 


ID 


Chad 


TC 


Togo 


TJ 




TT 


"niMM Md Totjago 


UA 


Ukzasae 


UG 


Upodi 


US 


UaMSntfaof AM 


UZ 


UzfackteB 


VN 


VKtNM 



wo 96/25487 



PCT/GB96A)0256 



MATERI ftTJj! ftpfn METHODS P TTTATTKn TO THE REGDIATION OF 
POLYPEPTIDE PRODUCTION IN CELLS 

Field of the Invention 

5 

The present invention relates to materials cind methods 
relating to the regulation of polypeptide production in 
cells, cind in particular to the expression of polypeptides 
in cells so that the rate of polypeptide synthesis and 

10 secretion from the cells is linked to their environment, 
for example the metabolic status of the host into which 
they are transplanted. The present invention also relates 
to the use of these cells in the prepsiration of medicaments 
for the treatment of conditions that respond to the 

15 polypeptides . 

Background to the Invention 

Type I or insulin-dependent diabetes mellitus is the result 
20 of the destruction of the patients' insulin secreting 

cells, the jS cells of the pancreatic islets or islets of 
Langerhans. This destruction is mediated by an 

immunological process. Current treatment of type I 
diabetes consists in multiple daily injections of insulin 
25 to correct hyperglycemic episodes. This treatment however 
does not allows a sufficiently tight regulation of blood 
glucose levels cind this lack of moment to moment control of 
glycemia leads over time to complications such as kidney 
failure, neuropathy, cardiac diseases amd blindness. 

30 

Attett5)ts to better control blood glucose could be achieved 
by transplantation of insulin secreting p cells. Treatment 
of type I diabetic patients by transplantation of humcoi 
pancreatic islets has been shown to be possible- However, 
35 treatment of a large nximber of diabetic patients with human 
islets is impractical due to the limited availability of 
pancreas fzom cadaver donors. Pig islets have been 
proposed as an alternative source for transplantation, but 
there is currently no way of reliably preparing sufficient 
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pig islets to treat the millions of diabetic patients. 

It has been proposed to use insulin secreting cell lines to 
overcome these problems. Indeed, the availability of 
5 insulin secreting cell lines with a proper control of 
insulin secretion would appear to present a number of 
advantages, namely the easy expansion of a cell stock and 
the precise control of the cells quality. Further, in 
theory, such cell lines could be generated from previously 
10 non insulin- secreting cell lines by genetic engineering. 

However, so far, the cell lines obtained by this approach 
secrete insulin cons ti tut ively or in a manner 
inappropriately controlled by variations in glucose 
concentrations (1) . 

15 

gi^^T^ nf the Invention 

Broadly, in a first aspect, the present invention provides 
cell lines transfected with (a) nucleic acid encoding one 

20 or more hormone receptors, the receptors being capable of 

transmitting a signal, and (b) nucleic acid encoding a 
desired polypeptide, the nucleic acid encoding the desired 
polypeptide being xinder the control of a promoter 
containing regulatory elements responsive to a signal 

25 transmitted by the receptor (s) so that transcription of the 
nucleic acid encoding the desired polypeptide is modulated 
by the level of the hormone (s) . Thus, these cell lines can 
then be transplanted into patients so that the production 
of the polypeptide is controlled by hormone (s) produced by 

30 the host, thxis linking the production of the polypeptide to 
the need of the host. 

In a further aspect, the present invention includes the 
compositions comprising these cell lines and their use in 
35 the preparation of medicaments for the treatment of 
conditions that respond to these polypeptides, for example 
by transplanting the cells into a patient. Examples of 
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conditions that Ccui be treated using this approach include 
diabetes cind obesity. In the former case the desired 
polypeptide is insulin, and in the latter case, the nucleic 
acid encodes the ob protein or leptin, or encodes glucogen- 
5 like peptide I. 

The present invention is based on the realisation that for 
the treatment of diabetes, a key requirement is that the 
rate of insulin secretion is regulated according to a 

10 patient's metsODolic status. Accordingly, in one aspect, 
the invention provides an approach using genetic 
engineering to link the rate of insulin synthesis and 
secretion to the metabolic status of the host, based on 
engineering insulin secreting cell lines with specific 

15 plasma membrcuie receptors. These receptors bind hormones 
called gluco-incretins, which are released into the blood 
from intestinal endocrine cells following nutrient 
absorption. The binding of these hormones to their cognate 
receptor on engineered cells stimulates insulin gene 

20 transcription and secretion by activation of the cAMP 
second messenger system. However, while the invention is 
exemplified by an insulin producing cell line, this 
approach is of general applicability, and can be used in 
other situations in which precise regulation of the 

25 production and/or secretion of the desired polypeptide is 
needed . 

Thus, in one preferred aspect, the present invention 
provides a cell line trans feet ed with nucleic acid 

30 expressing GIP £Uid/or GLP-1 receptors euid nucleic acid 
encoding a desired polypeptide, the latter nucleic acid 
being under the control of a promoter containing regulatory 
elements responsive to an intracellulctr signal transmitted 
by the receptors so that trsmscription of that nucleic acid 

35 is modulated by the GIP and/or GLP-1. Thus, as GIP and/or 
GLP-1 are produced in endocrine cells in response to 
nutrients, this allows the rate of production of the 
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polypeptide, eg insulin, to be linked to the metabolic 
status of a host of the cells. 

The secretion of the polypeptide may also be modulated by 
5 GIP and/or GLP-1. Conveniently, the intracellular signal 
is the production of cAMP, stimulated by GIP or GLP-1 
binding to receptors on the cells. In embodiments of the 
invention using cAMP production as the intracellular 
signal, conveniently the promoter includes one or more cAMP 
10 responsive elements (CREs) that can induce transcription of 
the nucleic acid encoding the desired polypeptide. 

In a further aspect, the present invention provides a cell 
line transfected with nucleic acid expressing GIP and/or 

15 GLP-1 receptor mutants, the mutants capable of producing an 
intracellular signal different from cAMP on binding GIP 
and/or GLP-1. Thus, in this aspect, the intracellular 
signal can stimulate other pathways in the cells, eg to 
control polypeptide synthesis and secretion by other 

20 routes. 

In some embodiments, the cells accumulate the polypeptide 
(eg insulin) as secretory granules, and the intracellular 
signal is the elevation of intracellular Ca^* levels so that 
25 the exocytosis of the secretory granules is stimulated - 

The cells could also be transfected with nucleic acids 
encoding GIP and/or GLP-1 receptor mutants which are no 
longer desensitized. For instance, one possibility is to 

30 generate GLP-1 receptor in which the cytoplasmic tail is 
trimcated at position 431 of its amino acid sequence. This 
mutant receptor is no longer susceptible to homologous and 
heterologous desensitization and is not internalized 
following GLP-1 binding (Widmann, C. , E>olci, W. , and 

35 Thorens, B., Mol. Endo. 10: 62-75 (1996)). The use of this 
mutant receptor will permit a longer lasting production of 
CAMP following GLP-1 binding and also an increase in the 
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intensity of this sigrnalling response. Similar mutant 
forms of the GIP receptor can be utilized in combination 
with the GLP-1 receptor mutants. 

5 In a further aspect, the present invention includes a cell 
line as defined above for use in methods of medical 
treatment . 

In a further aspect, the present invention provides the use 
10 of a cell line as defined above in the preparation of a 
medicament for the treatment of a condition that responds 
to the desired polypeptide* Preferably, the hormone 
receptors are the GIP or GLP-1 receptors so that the 
production of the polypeptide is linked to GIP or GLP-1 
15 production by the patient. In one embodiment, the 
polypeptide is insulin and the condition is type I or type 
II diabetes. In an alternative embodiment, the polypeptide 
is the ob protein or leptin and the condition is obesity. 

20 Additionally, the present invention provides the use of 
cell lines as defined above in the preparation of a 
medicament for the treatment of a condition that responds 
to the polypeptide contained in secretory granules, wherein 
the polypeptide is released from the grcuiules by exocytosis 

25 stimulated by elevation of the Ca** level, the elevation 

being linked to GIP or GLP-1 production by the patient. 
Preferably, the condition is type I or type II diabetes. 

In a further aspect, the present invention provides methods 
30 of medical treatment conqprising transplanting the cell 
lines as described above into patients. In the case of 
cell lines expressing the ob gene, the method of treatment 
may be a method of cosmetic treatment, eg for reducing body 
weight . 

35 

Typically, in the above aspects of the invention, the 
nucleic acid encoding the desired polypeptide will be 
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heterologous to the cell into which it is transfected* 

Conveniently, the cells used in the present invention are 
baby hamster kidney (BHK) cells, Chinese hamster ovary 
5 (CHO) cells or the mouse myoblast cell line C2C12, 

Brief Description of the Figures 

The present invention will now be described by way of 
10 example by reference to the accompanying drawings in which: 
Figure 1 shows the production of intracellular cyclic 
AMP by fibroblasts expressing either the human GLP-1 
receptor (A) (data from (12)) or two differentially spliced 
forms of the human GIP receptor (B) (data from (10)) and 
15 exposed to different concentrations of their cognate 
peptides ; 

Figure 2 shows the increase in luciferase activity in 
fibroblasts eaqpressing the GIP receptor (A) or the GLP-1 
receptor (B) and transiently transfected with a reporter 

20 gene containing the firefly luciferase gene placed 

downstream of a promoter containing multiple CREs. 
Transfection was by electroporation . Assays for luciferase 
activity was performed 24 hoxirs (A) and 48 hours (B) post 
transfection. The peptides at the indicated concentrations 

25 were present for 4 hoiirs before cell lysis; 

Figure 3 "shows a schematic representation of the 
proposed genetic engineering system. The different key 
steps are indicated. 1) Nutrient absorption, in particular 
carbohydrates such as glucose induces GIP and GLP-1 

30 secretion into the blood from gut endocrine cells. 2) 
These hormones are released into the blood and reach the 
transplanted cells. 3) Upon GIP and/or GLP-1 binding, the 
second messenger cAMP is produced and stimulates 
transcription of the engineered gene placed downstream of 

35 a CRE; 

Figure 4 shows a schematic representation of the 
nucleic acid vectors used to regulate the expression of 
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different genes; 

Figure 5 shows a schematic representation of a nuclei 
acid vector for the expression of the GIP and GL?- 
receptors; 

Figure 6 shows the result of experiments tha 
demonstrate that the GIPR-IRES-GLPIR vector can drive th 
expression of both receptors at the cell surface in 
functional state; and. 

Figure 7 shows that myoblast cells stably transfec-:e 
with the GIPR-IRES-GLPIR construct and zrj 
CRE/mMTl/luciferase construct display increased luciferas^ 
activity following exposure to GIP. 

Detaile d Descriptin^ 

The gluco-incretin system 

Following nutrient absorption, in particular fat and 
carbohydrates, endocrine cells present in the intestinal 
epithelium release in the blood a number of peptidic 
hormones (2-4) . Two of these hormones have a very potent 
effect on insulin secretion by pancreatic 0 cells: GI? 
(gastric inhibitory polypeptide or glucose -dependent 
insulinotropic polypeptide) (5) and GLP-l {glucagon -like 
peptide-1 or insulinotropin) (6,7). These hormones binds 
to specific receptors on the sxirface of pancreatic 0 cells 
and activate intracell\ilar second messengers. For both nhe 
GIP and GLP-l receptors, the second messenger is 3'-='- 
cyclic adenosine monophosphate (cAMP) . cAMP activates a 
specific protein kinase, cAMP- dependent protein kinase or 
protein kinase A. This enzyme phosphorylates a number of 
key proteins which can then stimulate gene transcription 
via cAMP respoixse elements present in the promoter region 
of these genes. This pathway for gene activation by cAMP 
is present in all cell lines tested. In 0 cells and other 
neuroendocrine cells, phosphorylation of some specific 
proteins of the regulated secretory pathway also stimulates 
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peptide secretion by stimulating the exocytosis of 
secretory gremules (8) . 

The cDNA clones for both the GIP (9,10) and GLP-1 (11,12) 
5 receptor have been recently cloned and fxinctionally 
characterised. They are membrane proteins with seven 
transmembrane domains and are coupled to heterotrimeric G- 
proteins which link activation of the receptor by ligand 
binding to stimulation of cAMP production, 

10 

GIP and GLP-1 secretion is induced by nutrient absorption, 
in particular fat and carbohydrates for GIP and mostly 
carbohydrates for GLP-1. The secretion of these peptide in 
the blood peaks about 30' after nutrient ingestion (2,13). 
15 The postprandial secretion of these peptides is unaltered 

in diabetic patients (4,13) . 

ExijerimeP tg and Results 

20 Use of the gluco-incretin system to control insulin 
synthesis and secretion by genetically engineered cells 

We investigated the possibility of using isolated GIP and 
GLP-1 receptor cDNA clones to modify cells previously 

25 engineered to express the human preproinsulin (or other 
hormones) gene under the control of a promoter containing, 
among other regulatory elements, cAMP responsive elements 
(CREs) . These CREs can be present in single or multiple 
copies. E3q>ression of the gluco-incretin receptors by 

30 these cells will link an increase in extracellular gluco- 
incretin concentrations to elevations in intracellular cAMP 
levels euid consequently an increase in the trsmscriptional 
activity of the gene containing CREs in their promoter 
regions • 

35 

cAMP responsive elements (CREs) have been described in the 
promoter of a number of genes such as the insulin gene 
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(Philippe, J. and Misottem, M. (1990) J. Biol. Chem 265: 
1465-1469) or the corticotropin-releasing hormone gene 

( Spengler , D . , Rupprecht , R . , Van , P . P . and Holsboer , F . 

(1992) Mol. Endo. 6: 1931-1941) . These elements consist of 
5 a palindromic sequence: TGACGTCA. Production of an 
oligomer of CREs Ccui be achieved using pairs of 
complementary synthetic oligonucleotides containing this 
sequence plus sites compatible with a selected restriction 
site (Xhol, BamHI or any others) . After phosphorylation 
10 with T4 polynucleotide kinase and annealing of the 
con^lementary oligonucleotides, these are oligomerised by 
ligation with T4 DNA ligase. The oligomerised structure 
CcUi then be subcloned by ligation in the chosen position of 
the expression vector open with the suitable restriction 
15 enzyme . 

To demonstrate the feasibility of this approach, fibroblast 
cell lines were stably transfected with the human GXP or 
GLP-1 receptor. These receptors specifically bind their 

20 cognate ligand and, in the presence of increasing 
concentrations of ligands, there is a sigmoidal dose- 
dependent accximulation of cAMP as demonstrated in figure 
1A,B. That the accumulation of cAMP can lead to 
transcriptional activation of genes containing CRE in their 

25 promoter is demonstrated in figure 2. In this experiments, 
fibroblasts cell lines expressing either the GIP or GLP-1 
receptor were transiently transfected by electroporation 
with a DNA construct containdLng the luciferase reporter 
gene driven by a promoter containing oligomerized CREs. 24 

30 and 48 hours post transfection, the cells were exposed to 
GIP or GLP-1 for 4 hours cuad the luciferase activity 
measiired. Fibroblasts expressing the GIP receptor (figure 
2A) had increased luciferase activity after exposiire to GIP 
as cozi^>ared to cells not exposed to the peptide or to cells 

35 exposed to GLP-1. This therefore indicates the efficient 
cuid specific coupling of GIP binding to its receptor to the 
transcriptional activation of a CRE containing gene. In 
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figure 2B the same experiment was performed 48 hours after 
electroporation of GLP-1 receptor-expressing cells. Again, 
a specific increase in luciferase activity was detected 
after GLP-1 addition. 

5 

Figure 4 shows schCTiatically a vector for trsuisf ecting cell 
lines with nucleic acid encoding a desired polypeptide 
whose transcription and expression is controlled by 
multiple CREs. The vector shown contadLns the mouse 

10 metallothionein promoter placed upstream of the cDNA for 
different genes (firefly luciferase reporter gene, obese 
(or leptin) gene, preproinsulin gene, or any other gene) . 
The cDNA is followed by human growth hormone gene splicing 
cmd polyadenylation signals. Several cAMP- responsive 

15 elements (CREs) have been introduced in front of the 
metallothionein gene. Any other promoter or splicing and 
polyadenylation signal could be used. This construct is in 
a plasmid containing a drug-resistance gene (DHFR) , 
neomycin resistance gene, or any other drug resistance 

20 gene) . The construct can also be co-transfected with 
another plasmid containing any drug-resistance genes. 

Figure 5 shows a vector for the expression of the GIF and 
GLP-1 receptors. This vector contains the GIP receptor 

25 coding sequence (Gremlich et al. Diabetes, 44: 1202-1208, 
1995), followed by the internal ribosome entry site (IRES) 
of the encephalorayocarditis virus (EMCV) which was 
engineered so that the Ncol site of the virus translation 
initiation codon (ATG) can be ligated to the trsuMlation 

30 initiation site of the GLP-l receptor (Thorens, Proc. Natl. 

Acad. Sci- USA, 89: 8641-8645, 1992) and in such a way that 
upstream viral ATGs are mutated to prevent false 
translation initiation. The GIP receptor cDNA is preceded 
by the P(3K (phosphoglycerate kincise) promoter and followed 

35 by human growth hormone gene splicing and polyadenylation 
signals. The construct is in a plasmid containing a drug- 
resistance gene (DHFR, neomycin resistance gene, or any 



wo 96/25487 



PCT/GB96/00256 



11 

Other drug resistance gene) . The construct CcUi also be co- 
transfected with another plasmid containing any drug- 
resistcuace genes. 

5 Figure 6 shows the results of experiments to demonstrate 

that when the GIPR-IRES-GLP-IR vector was trcunsfected into 
cells, it could drive the expression of both receptors on 
the cell surface in a fimctional state. In these 
experiments, Cos cells were transiently trainsfected with 

10 the GIPR-IRES-GLPIR construct described above or with a 

vector containing only the GLP-1 receptor cDNA (GLPIR) or 
with eui empty vector (vector) . Two days later, the cells 
were incubated in the absence (0) or presence of GXP, GLP-1 
or a combination of GXP and GLP-1 all at 10 nM, for a 

15 period of 8 minutes and accumulation of cAMP was measured. 

Cells transfected with GIPR-XRES-GLPIR accumulated cAMP in 
the presence of GXP or GIiP-l or a combination of both. 
Cells transfected with the GIiPlR construct accumulated cAMP 
only in the presence of GLP-1, but not GXP. Cells 

20 transfected with en5>ty vector did not accumulate cAMP in 
response to GLP-1 or GIP. These results demonstrate the 
feasibility of using this system to produce a cAMP 
intracellular signal that in turn can drive the e3q>ression 
of nucleic acid encoding a desired polypeptide uinder the 

25 control of CREs, such as the vector shown in figure 4. 

Experiments were then Ccunried out to demonstrate that cells 
stably transfected with both the GXPR-IRES-GLP-IR and 
CRE/mMTl/lucif erase vectors displayed increased lucif erase 

30 activity following exposure to GXP. Thus, figure 7 shows 
that exposixre of the transfected cells to 10 nM GXP for 4 
hours induced 5-6 -fold increase in lucif erase activity 
indicating that the genetically engineered cells can 
display transcriptional regulation of transfected gene 

35 esqpression following exposure to glucoincretin hormones. 
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Discussion 

In these experiments, we have demonstrated that engineering 
of cell lines to e:q>ress the receptors for the gluco- 
5 incretin hormones GIP and GLP-1 can lead to transcriptional 
activation of a gene containing CREs in its promoter 
following exposure of the cells to the specific hormone. 

Therefore, engineering cell lines with these receptors 

10 could therefore be used to stimulate transcription of any 
gene provided that its promoter contains CREs. This could 
be particularly useful in designing peptide- or protein- 
secreting cell lines for transplantation in human patients 
and for which the peptide or protein secretion rate should 

15 be modulated. In the present example, modulation of gene 
expression and secretion is modulated by the secretion in 
the blood of the gluco- incretin hormones. Secretion of 
these hormones is controlled by nutrient absorption. This 
system is therefore well suited for the control of insulin 

20 secretion by genetically engineered cells since insulin 

secretion should be stimulated after meal absorption (cf 
figure 3) . This system could be extended to the 
postprandial control of other peptide or protein secretion 
which could be useful for the management of metabolic 

25 disease such as type I or type II diabetes or obesity. In 

particular, for type II diabetes, the peptidic hormone GLP- 
1 has been suggested to be a potential new drug for the 
treatment of postprandial hyperglycemia in place of the 
currently used sulfonylureas (14-16) . The cxirrent mode of 

30 administration of such peptides is by injection, a method 
which may offset the potential therapeutic advantages of 
this peptide. Delivery of the peptide by a transplanted 
and engineered cell line may therefore be of considerable 
interest. Our proposed regulated system would provide for 

35 a modulated postprandial secretion of GLP-1 from engineered 
cells which overexpress, for instance, the GIP receptor. 
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As discussed above, phosphorylation of proteins by cAMP- 
activated protein kinase may also stimulate secretion of 
insulin in 0 cells by a direct effect on exocytosis of 
insulin-containing (secretory) granules. Engineering of 
5 the gluco-incretin receptors in cell lines possessing 
secretory greuiules (such as insulinoma, pituitary or other 
cell lines containing a regulated pathway for peptide or 
protein secretion) may stimulate secretion via a mechanism 
distinct from that on gene transcription, ie regulated 
10 exocytosis of secretory granules . 

Another possible extension of this engineering concept is 
based on the e3q)erimental observation that exocytosis of 
secretory greinules requires elevation in intracellular 

15 calcium (17) . The gluco-incretin receptors are normally 
coupled to cAMP. It is known for receptors of the G- 
coupled receptor family that specific regions of the 
receptors - usually the third cytoplasmic loop - are 
involved in coupling to activation of second messengers. 

20 Substituting this region of the gluco-incretin receptors 
for the homologous region of a receptor coupled to 
elevation in intracellular calcium will chamge the 
signalling property of the GIP and GLP-l receptors. Ligand 
binding will therefore induce elevations in intracellular 

25 calcium instead of cAMP thereby directly stimulating 
exocytosis of secretory granules. 

Obesity is very common in Western societies cuid often leads 
to secondary complications such as diabetes or heart 

30 diseases. Recently, the gene encoding a satiety factor has 
been isolated by genetic analysis of the ob/ob obese mouse 
(18) . The product of the ob gene (leptin) is a 167 amino 
acid polypeptide which has the characteristic of a secreted 
protein. It is produced by adipocytes and represents a key 

35 element in the control of food intaJce by its action on 
satiety centres. Earlier physiological studies have indeed 
shown that the product of the ob gene could cause euiimals 
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to stop eating and a defect in this gene leads to 
hyperphagia and obesity. 

The use of the ob gene product (leptin) to control appetite 
and therefore body weight may be of therapeutic use. Due 
to the relatively large size of the ob polypeptide, a cell 
therapy approach for delivering the product is certainly 
attractive. However, for cells transfected with the ob 
gene to be therapeutically useful, the rate of polypeptide 
delivery should be controlled so that patients would not 
stop eating at all. The approach set out above of linking 
nutrient absorption to increased expression of the 
transfected gene should therefore be ideal to provide the 
necessary control of the ob gene production and secretion. 
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1. A cell line transf acted with (a) nucleic acid encoding 
one or more hormone receptors, the receptors being capable 

5 of transmitting a signal, and (b) nucleic acid encoding a 
desired polypeptide, the nucleic acid encoding the 
polypeptide being under the control of a promoter 
containing regulatory elements responsive to the signal 
transmitted by the receptor (s) so that transcription of the 
10 nucleic acid encoding the desired polypeptide is modulated 
by the level of the hormone (s) in the patient. 

2. The cell line of claim 1 wherein the level of the 
hormone (s) varies with the metabolic status of the patient - 

15 

3. The cell line of claim 1 or claim 2 wherein the 
hormone receptors are the GIP and/or GLP-1 receptors and 
transcription of the nucleic acid encoding the desired 
polypeptide is modulated by GIP and/or GLP-1. 

20 

4. The cell line of claim 3 wherein secretion of the 
polypeptide is also modulated by GIP and/or GLP-l. 

5. The cell line of any one of claims 1 to 4 wherein the 
25 intracellular signal is the production of cAMP- 

6. The cell line of claim 5 wherein the regulatory 
elements of the promoter comprise one or more cAMP 
responsive elements (CR£s) . 

30 

7. The cell line of cuiy one of claims 1 to 6 wherein the 
desired polypeptide is insulin. 

8. The cell line of any one of claims 1 to 6 wherein the 
35 desired polypeptide is the ob gene product or leptin. 
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9. The cell line of any one of the preceding claims 
wherein the hormone receptors are GIP and/or GLP-1 receptor 
mutants, the mutants being capcible of producing an 
intracellular signal that is different from cAMP on binding 

5 GIP and/or GLP-1. 

10. The cell line of claim 9 wherein the desired 
polypeptide is stored in secretory grainules and the 
intracellular signal causes the elevation of intracellulcir 

10 Ca^* levels causing the exocytosis of the secretory 
granules . 

11. The cell line of claim 10 wherein the secretory 
granules contain insulin. 

15 

12 . The cell line of any one of claims 1 to 8 wherein the 
hormone receptors are GIP and/or GIP-1 receptor mutants 
that produce cAMP following GIP or GLP-l binding for a 
longer period, or produce an increase in the intensity of 

20 the signalling response, compared with the corresponding 
native receptor (s) . 

13 . A composition comprising the cell line of any one of 
claims 1 to 12 formulated for implantation into a patient. 

25 

14 . A cell line as defined in any one of claims 1 to 12 
for use in a method of medical treatment. 

15* The use of a cell line of suiy one of claims 1 to 12 in 
30 the preparation of a medicament for the treatment of a 
condition that responds to the desired polypeptide wherein 
the level of the hormone (s) in a patient controls the level 
of production of the desired polypeptide. 

35 16. The use of claim 15 wherein the level of the 

hormone (s) is linked to the metabolic status of the 
patient . 
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17. The use according to claim 15 or claim 16 wherein the 
polypeptide is insulin and the condition is type I or type 
II diabetes, 

5 
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Figure 2A 
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BASIS FOR THE METABOLIC REGULATION OF INSUUN 
SECRETION BY ENGINEERED CELLS. 



1- Absorption of olucose-contafntno meal 



Intestine with GIP and GLP-1 -secreting 
endocrine cells 



aluooseJpTl[.||.|.||.|.||.||.y.||.H.m^ 



2- Upon glucose absorption 
endocrine cells secrete GIP or 
GLP-1 Into the blood circulation 



3- Uoon GIP and GLP-1 bi nding to their 
receptors, the engineer ed cells produce 
cAMP which stimulates insulin gene 
expression and secretion 



Engineered cells: 



transfected 
GIP receptor 



transfected 
GLP-1 receptor 




tng I proinsuliri I Transfected human insulin gene 
^ — \r~^ under the control of a promoter element 

promoter containing a cydic AMP responsive 

element (CRE) 




Insulin 
secretion 



Figure 3 
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Figure 4 
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